Short jute fiber (2 -3 mm) reinforced polypropylene PP-based composites (20% fiber by weight) were fabricated using compression molding and the mechanical properties were evaluated. Tensile strength (TS), tensile modulus (TM), elongation at break (Eb%), flexural strength (FS), flexural modulus (FM), impact strength (IS), and hardness of the composites were found to be 32 MPa, 850 MPa, 12%, 38 MPa, 1685 MPa, 18 kJ/m 2 and 96 shore-A, respectively. Then short E-glass fiber (2 -3 mm) reinforced PP-based composites (20% fiber by weight) were fabricated and mechanical properties were compared with short jute-based composites. Short jute-based composites showed excellent mechanical properties and comparable to short E-glass-based composites. Soil degradation test of both types of composites indicated that jute/PP composites significantly lost much of its mechanical properties but E-glass/PP composites retained major portion of its original integrity. Interfaces of the degraded composites were investigated by scanning electron microscopy and supported the biodegradation properties of jute/PP composites.
Introduction
Composite materials are consisting of a polymer matrix and a reinforcing agent. Composites are versatile and convenient in diverse application such as automotive and aeronaut industry, constructional materials, civil and military applications and many more. Composite based on thermoplastic resins, are gained popularity due to their processing advantages [1] . The mechanical properties of thermoplastics are enhanced for specific application by incorporating different man made and natural fibers. The fiber dispersion in the thermoplastic composites is an important consideration to achieve consistency in the product. Thermoplastic composites are flexible and strong and exhibit good physio-mechanical properties. However, the percentage of fiber loading is limited by the processability of the composite. Properties of the fibers, the aspect ratio of the fibers, and the fiber-matrix interface govern the properties of the composites. The surface adhesion between the fiber and the polymer plays an important role in the transmission of stress from matrix to the fiber and thus determine the performance of the composite [2, 3] .
Synthetic reinforcement fibers like glass, aramid, nylon and carbon have good physio-mechanical properties. Silica based E-glass fibers (54.3SiO2-15.2Al2O3-17.2CaO-4.7MgO-8.0BO-0.6Na2O) are widely used due to their low cost, availability and good insulation properties up to 815˚C. E-glass fiber reinforcement is often an attractive way to improve the mechanical properties of thermoplastics, the improvement being attributed to the excellent mechanical properties of the fibers and to the better adhesion between the fibers and the polymer matrix when surface treated fibers are used [1, 4] .
Environmental concerns have resulted in a renewed interest in agro-based materials, and therefore issues such as recyclability and environmental safety are becoming increasingly important for the introduction of new materials and products. Nowadays there is a growing interest in the use of agro-fibers (jute, hemp, rice husk, abaca wheat straw, coir, kenaf, flax etc) as reinforcing components for thermoplastics, because they are more economical than the synthetic fibers. Secondly, as result of environmental care politics, which is particularly important in those countries where products from agricultural sources offer attractive and cheap alternative for devel-oping degradable materials. The combination of interesting mechanical and physical properties together with their environmentally friendly character has motivated a number of industrial sectors, notably the automotive industry, to consider these fibers as potential candidates to replace glass fibers in environmentally safe products. Jute is an attractive natural fiber for use as reinforcement in composite because of its excellent mechanical properties, low cost, renewable nature and much lower energy requirement for processing. It is produced in large scale in tropical area like Bangladesh, Indian and Latin America and it is already identified as potential candidate for reinforcing agent in composite fabrication. Jute fabrics are also called Hessian cloth. Jute composed of mainly α-cellulose, hemicelluloses, and lignin. In addition, it contains minor constituents such as flats and waxes, inorganic and nitrogenous matters, and traces of pigments like β-carotene and Xanthophyls [5] [6] [7] . The main component of jute fiber is a hydrophilic glucan polymer consisting of a linear chain of 1, 4-β-a hydroglucose unit. The crystalline regions of hydroxyl groups can form hydrogen bonds between parallel chains, thereby reducing the water absorption.The mechanical and physical properties of jute are highly inconsistent and are dependent upon geographic origin, climate, growth conditions, chemical composition (functional groups), molecular structure characteristics, and details of its physical state (above or below Tg, nature and degree of crystallinity) and processing techniques. Several disadvantages of jute, such as poor wettability, poor fiber-matrix adhesion, intrinsic polarity due to the presence of hydroxyl and carboxyl groups in their structure, and low moisture resistance make it insufficient for proper reinforcement. To overcome this problem, many attempts, such as physical and chemicals treatments, lead to changes in the surface structure and surface energy of the fibers. Many researchers are working on jute fibers reinforced composites. Potential of jute fabrics as reinforcing material has proved by the researchers [8] [9] [10] [11] .
Thermoplastic composite is manufactured using potentially high performance resin such as polypropylene (PP), polyethylene (PE), polyvinyl chloride (PVC) etc. Among commodity thermoplastics, polypropylene (PP) possesses outstanding properties like low density, good flex life, sterilizability, good surface hardness, scratch resistance and very good abrasion resistance [12] [13] [14] . The high crystalline structure of PP imparts a relatively high melting point (160˚C -170˚C) and softening point (above 149˚C), stiffness, strength, and hardness. It has been found to have a rare combination of excellent physical, mechanical, thermal, electrical and chemical properties. The specific gravity of PP varies from 0.90 to 0.91 and so it is the lightest plastic material. It is an excellent material for electrical applications because of outstanding combination of good thermal properties, low moisture pickup and good dielectric properties even at high frequency because of non-polar in nature. PP is also very suitable for filling, reinforcing and blending. PP with fibrous natural polymers of biomass origin is one of the most promising routes to create natural-synthetic polymer composites [15] [16] [17] .
The aim of the present studies was to fabrication and mechanical characterization of short jute fiber and short E-glass fiber reinforced PP-based composites. Comparative studies were carried out between two types of composites. The soil degradation tests of the composites were performed. The degradation of the mechanical properties of jute fiber/PP composites were compared over the Eglass fiber/PP composites. Interfacial properties were investigated by scanning electron microscopy.
Experimental

Materials
Polypropylene (PP) was purchased from Polyolefin Company, Private Ltd., Singapore. Jute fibers were obtained from the Bangladesh Jute Research Institute (BJRI), Dhaka. E-glass fibers were purchased from Saint-Gobain Vetrotex, India.
Composite Fabrication
Polypropylene sheets of 0.25 -0.30 mm thickness were prepared from granules of PP by pressing at 190˚C for 1 min between two steel molds under 5 bar consolidation pressure in the heat press (Carver, INC, USA Model 3856). The molds were then cooled for 1 min in a separate press under 5 bar pressure at room temperature. The resulting PP sheet was cut into desired size for composite fabrication. Jute fibers and E-glass fibers were cut into small pieces (length was about 2 -4 mm). The digital images of jute (a) and E-glass (b) fibers are presented in Figure 1 . Composites were prepared by sandwiching 4 layers of short jute fibers between 5 sheets of preweighted PP. The sandwich was then placed between two steel molds and heated at 190˚C for 5 min to soften the polymer prior to pressing 5 bar pressure for 5 min. The fiber weight fraction of the composites was calculated to be about 20%. Short E-glass fibers reinforced PP matrix composites (20% fiber by weight) were also fabricated using same parameters in the same heat press.
Mechanical Testing of the Composites
Tensile, flexural, charpy impact and hardness (shore A) tests were conducted. For each test and type of composites, five specimens were tested and the average values were reported. 
Tensile Test
Flexural Test
Static flexural tests were carried out according to ASTM D 790-00 [20] using the same testing machine mentioned above at the same cross-head speed. The flexural strength and modulus were calculated using the following equations:
Flexural strength,
where P is the maximum applied load, L is the length of support span, m is the slope of the tangent, and b and d are the width and thickness of the specimen respectively.
Charpy Impact Test
Dynamic charpy impact tests were conducted on unnotched mode composite specimens according to ASTM D 6110-97 using a Impact tester (MT-3016, Pendulum type, Germany).
Hardness Test
The hardness of the composites was measured using a HPE Shore-A Hardness Tester (model 60578, Germany) according to ASTM D785-98 [6] .
Water Uptake of the Composites
Composite samples (20 × 10 × 2 mm 2 ) were immersed in a static water bath at 25˚C for different time periods (up to 60 h). Before immersion in water, the specimens were dried in an oven at 105˚C, cooled in a desiccators using silica gel and weighed. After certain periods of time, samples were taken out from the bath and wiped using tissue paper, then weighed. Water uptake was determined by the subtraction from final weight to initial weight.
Soil Degradation Tests of the Composites
Composite samples were buried in soil (having at least 25% moisture) for different periods of time. After a certain period, samples were withdrawn carefully, washed with distilled water and dried at 105˚C for 6 hours and kept at room temperature for 24 hour and then measured the mechanical properties.
Scanning Electron Microscopic Analysis
Jute fibers and E-glass fibers were examined by Philips scanning electron microscope (SEM) at an accelerating voltage of 10 kV. SEM specimens were sputtercoated with gold. Fracture sides of the composites (after bending tests) were also observed using SEM.
Results and Discussion
Mechanical Properties of the Composites
Short jute fiber and short E-glass fiber reinforced popypropylene composites (20% fiber by weight) were made by compression molding. The mechanical properties such as tensile, flexural, impact and hardness of polypropylene (PP), jute fiber/PP and E-glass fiber/PP composites were evaluated and compared. The results are presented in Tables 1-2 . It was found that tensile strength (TS), tensile modulus (TM), elongation at break (%), flexural strength (FS), flexural modulus (FM), impact strength (IS) and hardness of the PP sheet were found to be 21 MPa, 640 MPa, 340%, 28 MPa, 1040 MPa, 4.47 KJ/m 2 and 95 Shore A, respectively. Both jute/PP and E-glass/PP composites gained a significant improvement of the mechanical properties. Both type of fibers successfully reinforced with PP matrix. The TS and TM of short jute composites increased to 52% and 33% respectively than that of the matrix PP. It was also found that flexural strength, flexural modulus and impact strength also improved 35, 62 and 302% respectively over the matrix material PP. On the other hand, percentage elongation at break (Eb%) was reduced drastically because of low Eb% of the fibers compared to PP. Short jute based composites showed relatively similar TS, BS, IS and hardness compared to short E-glass composites. Similarly, short E-glass reinforced PP-based composites possessed a significant improvement of TS, TM, FS, FM 
Water Uptake of the Composites
and IS compared to the matrix PP. Short E-glass composites showed 47% increase in TS and 23% increase in TM over that of the matrix PP. It was also found that FS, FM and IS also improved 35, 21 and 313% respectively than that of the matrix material PP. It was also revealed that the percentage of elongation at break (Eb%) of the composites reduced considerably than the matrix PP due to low Eb% of the fibers compared to PP. Hardness (Shore-A) of the composites indicated that due to incorporation of short E-glass fibers inside PP, the hardness of the composite had almost similar properties. Since both PP and the E-glass fibers are hydrophobic in nature, the fiber matrix adhesion was expected to be excellent. This was reflected in the mechanical properties of the E-glass based composites. It was revealed that the jute composites found to be 3 and 5% improvement of TS and FS over the E-glass fiber/PP composites. On the other hand the TM, FM of the short jute based composites is improved 7.5 and 33% higher than that of the E-glass/PP composites. Since density of E-glass is higher, so the volume of 20% E-glass fiber is smaller than that of jute fiber. It is suggesting that there was an almost similar stress transfer from matrix to the fibers and due to the relatively small volume of E-glass fibers in the composites; it may be showed similar strength compared to the jute composites. From this investigation, this is clear that jute composites gained huge mechanical properties over the matrix material and almost similar mechanical properties to short E-glass/PP composites.
In Figure 2 , water uptake (wt%) of the composites were plotted against soaking time (60 hrs). It was found that the jute composite showed poor water absorption characteristic. After 5 hr, jute composite absorbed only 0.5% water. It was found only 0.63% after 30 hours of soaking and become static with time. On the other hand, the water absorption of E-glass composite is very nominal with time. Jute is mainly built up with cellulose which is the 
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hydrophilic glucan polymer. The elementary unit of jute is anhydro-d-glucose which contains three hydroxyl (-OH) groups [17, 18, 20] . These hydroxyl groups in the cellulose structure account for the strong hydrophilic nature of jute. But the composites are reinforced with 20% wt fraction of fibers. This small mass of fibers is responsible for poor water absorption of jute composites. During soaking, water penetrates from cutting edges of the composites and account for water absorption.
Degradation Tests of the Composites
Mechanical properties of the fabricated composites were evaluated and compared each other. The discontinuous fiber composites (jute fiber/PP and E-glass fiber/PP) were subjected to soil degradation at ambient condition for up to 24 weeks. Tensile strength (TS) and tensile modulus (TM) values are plotted against degradation time and are shown in Figures 3 and 4 . It was clear that for short jute/PP composites, both TS and TM decreased phenomenally with time but for E-glass/PP, a very slow decreased was observed both for strength and modulus. After 6 weeks of soil degradation, jute composites lost almost 16% and 8% of TS and TM respectively. On the other hand, glass fiber composites lost only 1.3 and 1.7% of TS and TM respectively. With time jute composites showed phenomenon loss of strength and modulus. The losses of strength are 22 and 3% respectively for jute/PP and glass/PP composites in 12 weeks. After 6 months of soil degradation, the short jute/PP composite showed a significant loss of strength but short E-glass fiber retained much of its strength. Jute composite lost 28% of its strength but that is only 3.2% for glass composites. In the same period short jute/PP composite lost almost 11% and short E-glass/PP lost 8% of modulus. This is clear that E-glass fiber composites retained much of its tensile properties than that of the jute composites during soil degradation. Jute is a natural biodegradable fiber and this fiber is lignocellulose based which absorbs water within a couple of minutes indicated its strong hydrophilic character. Cellulose has a strong tendency to degrade when buried in soil [18] . During soil degradation tests, water penetrates from the cutting edges of the composites in jute based samples and degradation of cellulose occurred in jute and as a result, the mechanical properties of the composites decreased significantly. But E-glass based composites are strongly hydrophobic and repel water thus kept much of its integrity during exposure to the soil. The change in flexural strength and modulus, with soil degradation time are shown in Figures 5-6 respectively. After 6 weeks of soil degradation, FS and FM of the jute/PP composites decrease significantly but E-glass/PP composites showed a little change. Jute composites lost 13 and 5% of FS and FM respectively in that time. On contrary, E-glass composites showed 4 and 4.3% loss of FS and FM. After 12 weeks, the strength of jute composites decrease drastically but a slow change was observed for E-glass composites. The losses of FS and FM were found to be 21 and 10% respectively for jute composites but 5.5 and 6% for E-glass composites. Finally the strength and modulus of jute composites decreased almost 23 and 11% respectively after 6 months. On the other hand, E-glass composites showed only 5.8 and 6% loss of FS and FM respectively in the same period. The toughness of composite is usually affected by inter-laminar and interfacial parameters Polypropylene-Based Composites and failure is observed due to fiber pull out, matrix fracture and fiber matrix de-bonding [19] . All of these are accelerated in soil degradation. The effects of soil degradation on the impact strengths of jute/PP and E-glass/ PP composites are shown in the Figure 7 . The impact strength of jute composites decrease sharply in 12 weeks of soil degradation. The E-glass composites retained much of its impact strength than the jute composites during soil degradation test. Jute composite lost 11% of IS in 6 weeks but only 4% was observed for E-glass composites. After 12 weeks of soil degradation, the IS of jute composites reduced to 22% and that of E-glass composites was found to be 7%. After 6 months, E-glass and jute composites showed little change in IS.
Interfacial Properties of the Composites
To investigate the degradation behavior of fibers inside matrix in composites, scanning electron microscopic (SEM) studies were carried out. Six months soil degraded SEM images of the fracture surfaces of jute fibers/PP and E-glass fibers/PP-based composites are presented in Figures 8(a) and (b) . For jute/PP composites ( Figure  8(a) ), it is clearly indicated that major fraction of jute fibers were degraded but for short E-glass fibers ( Figure  8(b) ) were almost intact. After degradation tests, bond between jute and PP was lost and as a result mechanical properties decreased significantly. On the other hand, bond between E-glass and PP was good enough to retain its mechanical strength. A large gap was evident in jute/PP composite. This is reflected in the mechanical properties described in the above section. From the comparative studies of the mechanical properties between jute/PP and E-glass/PP composites, it was found that the mechanical properties of E-glass/PP composites retained much of its mechanical integrity than that of the jute/PP composites. The jute/PP composites supported the biodegradation properties of jute fibers.
Conclusion
Short jute fiber/PP and short E-glass fiber/PP-based composites (20% fiber by weight) were successfully fabricated using compression molding and the mechanical properties were evaluated. Short jute based composites showed almost similar mechanical strength and hardness compared to short E-glass-based composites. After soil degradation test, the jute/PP composites significantly lost much of its mechanical properties. On the contrary, the E-glass/PP composites retained much of its mechanical properties after degradation test.
